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9 RESEARCHMEMORANDUM

AN INVESTIGATIONATMACH

THEEFFECTSOFAILERON

CIUSRAC!EIUSTICSOF

mms OF

PROFIZEON

A COMPIE!lE

l.ko AND1.Z OF

~ “AERODHC

MODELOFA

SUPERSONICAIRCRAFTCONFIGURATION

ByM. LeroySpearmanandRobertA. Webster

suMMARY

An investigationhasbeenconductedintheLangley4- by k-foot
supersonictunnelatMachnumbersof 1.11.0and1.59to determinethe
effectof aileronprofileon theaerodynamiccharacteristicsofa complete
modelof a supersonicaircraftconfiguration.Thenmdelhada ~“ swept-.
backtaperedwingwith10-percent-thickcircular-arcsectionsnormalto
thequarter-chordline. Theaileronswere’20-percentchordandwere
locatedon theoutboard50percentofthewingsemispans.Thevariousm aileronsinvestigatedincludedthebasiccircular-arcprofileandthree
flat-sidedaileronshavingratiosof trailing-edgethicknesstohinge-
linethicknesst ofO,0.5, andl.O.

Lowaileroneffectivenesswasobtainedwiththecircular-arcand
t = O ‘profiles.Increasingthetrailing-edgethickness(t= 0.5
and1.0)resultedinincreasedeffectivenessas.wellasincreasedhinge
momentswithonlya slightincrease-in drag.

TheaileronlifteffectivenessCQ wasinreasonablygoodagreement
withtheoryalthoughthevariationsofrolling-andhinge-moment,coeffi-
cientwithailerondeflection>c26 snd C~, were,ingeneraljsomewhat
lessthsmthatpredictedbytheory.Thevariationof CZ~j CQjj
and C% withtrailing-edgeangleforthevariousaileronprofiles
agreedwellwiththetheoreticalresults.
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INTRODUCTION
.

An extensiveinvestigationhasbeenconductedby theNational
8

AdvisoryCommitteeforAeronauticsto determinethecharacteristicsof
variouslateral-controldeticeson a wi~ having40°ofsweepbackatthe
quarter-chordline,aspectratio4,taperratioO.~,~d symmetrical
10-percent-thickcircul~-arcsectionsina planenormaltothequarter-
chordline. ●

Rocketmodeltestsof sucha wingequipyedwith!2Gpercent-chord,
50-percent-spanoutboard,true-contour(circular-arc)aileronsindicated
rollreversalforsmallailerondeflectionsinthetrsmsonic-syeedrange
(reference1). Inaneffortto developa suitablecontrolforthe
transonic-speedrange,severallateral-controldevicessmdvarious
aileronmodificationswereinvestigatedby thetransonic-bumpmethod
(references2 and3),andin flightusingtherocket-modeltechnique
(reference4). Modificationsmadetotheaileronincludedflattening
thesidesofthecircular-arcprofileandincreasingthetrailing-edge
thicknessoftheaileron.Theflat-sidedaileronswiththickenedtrailing
edgeseliminatedtherollreversalinthetransonicrange. —

Someofthecontrolsdevelopedwerealsoinvestigatedata Mach
nuniberof1.9intheLangley9- by 12-inchsupersonicblowdowntunnel
(references5, 6, and7).

.
me resultsatthisMachnmiberindicated

positiverollingeffectivenessforallaileronstestedwiththethickened
trailing-edgeprofilesshowingsomeincrease”ineffectivenessoverthat ‘“”““-”g
ofthecircular-arcprofile.

—

Thedamping-in-rollcharacteristicsofthewinginthetransonic
rangeandata Machnumberof1.9werereportedinreference8. In
addition,somesubsoniccharacteristicsofthecirculsr-arc.profile

—

aileronhavebeenobtainedfromtestsof a completemodelintheLangley
300MPH7- by 10-foottunnelandarereportedinrefe~ence9. __

Thepresentpapercontainstheresultsof aninvestigationconducted. _
atMachnumbersof 1.40and1.59intheLangley& by--l-footsuperaoni-c
tunnelto d.etermhethecharacteristicsof a completemodelequippedwith
variousailerons,thecircular-arcprofileandthreeQat-sidedailerons
havingratiosoftrailing-edgethicknesstohinge-linethicknessofO, “-”-
0.5, and1.0. TheseresultsIncludesix-componentmetiurementsforthe
completemodelaswellas aileronh@ge-momentmeasurejnents.Forcom-
parison,theoreticalestimatesof someoftheaileron--characteristics–
areincluded.

.
.

m
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SYMBOIS

Theresultsofthetestsarepresentedas standsrdN.ACAcoefficients
of forcesandmoments.Thedataarereferredto thestabilityaxes
system(fig.1)withthereferencecenterofgravityat25percentof
themeanaerodynamicchord(seefig.2).

!lMecoefficientsandsynibolsaredefinedas follows:

liftcoefficient(Lift/qSwhere L&f%= -Z)

dragcoefficient(Drag/qSwhere Drag= -X)

lateral-forcecoefficient(Y/qS)

rolling-momentcoefficient(L/qSb)

pitching-momentcoefficient(M’/qS5)

yawing-momentcoefficient(N/qsb)

hinge-momentcoefficient(H/2ql&)

forcealongZ-sxis,pounds

forcealongX-axis,pounds

forcealongY-axis,pounds

momentshoutX-axis,pound-feet

momentaboutY-sxis,pound-feet

momentaboutZ-axis,pound-feet

aileronhingemomentshoutbingeline,pound-feet

free-streamdynamicpressure,poundspersquarefoot

total.wingarea,squarefeet “

wingspan,feet

wingmeanaerodynamicchord,feetu )2 b/2

E.
C%y

()3V2

.
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momentareaoftheaileronabouthingeline

wing-tiphelixanglegeneratedbywingtipinroll,radians w.

rollingangularvelocity,radianspersecond

free-streamairspeed,feetpersecond

IIM3S densityofair,slugs perc~~fcfeet~.

airfoil-sectionchord,feet

distancealongwingspan,feet-

angleof attackof fuselagecenterline,degrees —

angleofyaw,degrees

trailing-edgeangleof aileroninfree-streamdirection,degrees

stabilizerincidenceanglewithrespectto fuselagecenter
line,degrees —

ailerondeflectioninfree-streemdirection,degrees -L

ratioof ailerontrailing-edgethj.cknesstohinge-line
thickness

.-
9 .

rateof changeofrolling-momentcoefficientwithaileron
deflection(bC@8a)

rateofchangeofhinge-momentcoefficientwithaileron
deflection(aCh/a8a) J

rateof changeofhinge-momentcoefficient_yithangleof
attack(aCh/ba)

rate’ofcha?uzeofliftcoefficientwithailerondeflection

rateof changeofpitching-momentcoefficientwithaileron
deflection(aC~a?5a)

rateof changeofpitchimg-moment
coefficient

free-streamMachnumber(V/a)

coefficientwithlift

—
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s. speedof soundinfreeair

c~ trim-lift-curveslope

(2Z
P

dsmping-in-rollfactor(+%)

Subscript:

R rightaileron

MODELANDAPPARATUS

A three-viewdrawingofthemodelisshownin figure2 andthe
geometriccharacteristicsarepresentedintableI. Themodelhada
wingsweptback@o atthequarter-chordline,aspectratio4,taper
ratio0.5,and10-yercent-thickcircular-arcsectionsnormalto the
qusrter-chordline. Thewingwasat a 30 incidenceanglewithrespect
to thefuselagecenterlineandhad3°geometricdihedral.Measurements
indicatedtheright-wingtiptobe twisted0.2°withrespecttothe
left-wingtip. Thefuselageandcanopycoordinatesaregivenin
reference10..

Thefouraileronprofilesinvestigated(seefig.3) includeda true-
contour(circular-arc)andthreeflat-sidedaileronshavingratiosof

. trailing-edgethiclmesstohinge-linethicknessof 0,0.5,and1.0. The
aileronshadchords20percentofthewingchordandwerelocatedon the
outboard50percentofthewingsemispans.

me modelwasmountedon a st~ support(seefig.k),anditsangle
inthehorizontalplanewasremotelycontrolledin sucha mannerthatthe
modelremainedessentiallyinthecenterofthetestsection.Withthe
modelrotated90°(wingshorizontal),theangle-of-attackmechanismwas
usedtoprovideanglesofyaw.

Thestabilizeranglecouldbe remotelycontrolledbymeansof an
electricmotormountedwithinthefuselageofthemodel.Theaileron.
deflectionsweresetmanually.

Forcessndmomentson themodelweremeasuredlymeansof a six-
c.omponentstrain-gagebalancehousedwithinthemodel.A separatestrai.n-
gagebalancewasmountedontherightaileronforthedeterminationof
theaileronhingemoments.

.
ThetestswereconductedintheLangley4-by &foot supersonic

tunnelwhich-isdescribedinreference10.
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3=Mach
Stagnation

number
pressure
(atal)

1.59 0.25

1.40 .25
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TESTS

TestConditions

Thetestconditionsares“ummarizedinthefollowimgtable:

stagnation

‘Tqtue

110

110

Dew’point
(OF)

-35

-30

223 575,Wo

229 600,000

CalibrationdatafortheMachnumber1.59nozzlearepresentedin
reference10 andfortheMachnumberl.~ nozzleinreference11.

Correctio~an4Accuracy
d

No correctionsdueto stinginterferencewereappliedtothedata.
—

.. .
Theexactmagnitudeofthestingeffectsisnotknownthoughitis
believedtobe small(seereference12). ●

Base-pressuremeasurementsata Machnuinberof1.59indicatedthatj
iffree-streamstaticpressureisassumedto existatthebaseofthe
model,thenthedragdatapresentedwouldbe reducedby approximately“-
1 percentintheangle-of-attackrangefrom4° to10°)withno correction
necessaryintheloweranglerange.

Opticalmeasurementsof thewingtwisttiderload(ba= O)
indicatedtwistsoflessthan0.05°andhenceno correctionsforaero-
elasticeffectsweremade. Nomeasurementsweremadeofthewingtwist

—

withtheailerondeflected. .“

Themaximumuncertaintiesintheaerodynamiccoefficientsareof
theorderindicated.inthefollowingtable:

.-

9

—

.
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Coefficient
Randombalsnce- Balance-systemand
systemerrors tunnelerrorscombined

CL *O.0010 to.oo43

CD ~.00025 ?.CQ23

Cy 2.0010 *.0019

cm t.00045 t.0014

Cn *.00011 ‘f.CO015

c~ t.00006 **000099

Ch t.0028 ~.0031

A morecompleteanalysisofthebalance-systemaccuracyispresented
inreference13.

Theaccuracyoftheangleof attackwasabout~0.05°,thetail
,. incidenceaboutiO.lOO,theailerondeflectionabouti0.05°,andthe

@amic pressureabout0.25percent.

8 Becauseofthesmallmagnitudeoftheflowgradientsin thevicinity
ofthemodel(references10 and11),no correctio~fortheseeffects
havebeenmade. Tests
showedgoodagreement.

ofthemodel-inthehorizontalandverticalpl=es

TestProcedure

Allfouraileronyrofileswereinvestigatedat M = 1.59 but
ody thecircular-arcand t = 0.5 profileswereinvestigatedat
M= 1.40. Theailerontestscoveredan angle-of-attackrsngefrom-4°
to 10°withailerondeflectionsfrom-15°to 15°withtheexceptionof
thecircular-arcprofileat M = 1.40 whereonlypositivedeflections
weretested.Therightaileronorilywasdeflectedforalltestswith
theleftaileronfixedatzerodeflection.

Inaddltionjtestsweremadethroughanangle-of-yawrangefrom-10°
tolOOat CL=OO andM= 1.59 forthemodelequippedwitheachof
theflat-sidedailerom(ba= 00)=

—

●
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RESULTSANDDISCUSSION

PresentationofData —

Theaerodynamiccharacteristicsinpitchforthemodelwith-various
aileronprofilesat ~a= 0° aregiveninfigures5 and6 forMach
numbersof1.59andl.~, respectively.Thevariationofthelift,
drag,andpitching-momentcoefficientswithaileronde~lectionatthe
angleof attackforzeroliftispresentedinfigure7.

Theeffectsofthethreeflat-sidedaileronso’nthelateral
characteristicsb yawforthemodelat a = 0° ~d ba= 0° are
presentedin figure8 for M = 1.59.

Theeffectof ailerondeflectionon therolling-moment,yawin&
moment,andaileronhinge-momentcoefficientsthroughanangle-of-
attackrangeforthevariousprofilesisgiveninfigures9 and10
for M = 1.59andl.kO,respectively.Thevariationoftherolling-
momentandaileronhinge-momentcoefficientswithailerondeflection
attheangleof attackforzeroliftispresentedinfigureU. me

* througha MacheffectsofprofileontherollingeffectivenessSa
numberrangeasobtainedfromvarioussourcesarepresentedinfigure12.

Someofthepertinentaerodynamiccharacteristicsarepresentedas
a functionoftrailing-edgeangleinfigure13. !lheselectionofthe
trailing-edgeangleasa basisofconparisonmsybe somewhathypothetical
inasmuchasthedirecteffectsofthetrailing-edgeangle,theaileron
thickness,andtheaileron-surfacecurvaturecannotbe isolatid.In
thisfigure,a fairedlineisshownforthe M = 1.59 resultsbut,
sinceonlytwoprofilesweretestedat M = l.~, onlythepointsare
shown. Thefairedlineissolidfromthe t = 1.0 profileto the
t = O profilesincetheseaileronshadflatsidesandrepresented
systematicincreasesintrailing-edgeangle~d _decreasesinprofile
thickness.Thelinebetweenthe t = O aileronandthecircular-arc
aileronisdashedsincethischangeresultsinan increaseintrailing-
edgeangleaswellasan increaseinprofile-thicknessdistritiution.
Theslopespresentedinfigure13wereobtainedattheangleofattack
forzerolift.

Thevariationof CZ6 and C% withangleofattackforbothMach

numbersisshowninfigure14togetherwiththetheoreticalestimates.
A comparisonbetweentheexperimentalandtheoreticalvaluesof CLb)
c2& c% asa functionoftrailing-edgeangleisshowninfigure15.
Thetheoreticalvaluespresentedonthebefigureswereobtainedby

.

.—

—.

—. .

.—

.

●

..

.

—

.

.
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determiningthelinearthree-dimensionalcontrol-surfacecharacteristics
by themethodofreference14 andthenapplyinga thicknesscorrection
factor.(SeetableII.) Thecorrectionfactorsat M = 1.59 forall
exceptthe t = 1.0 profilewereobtainedby theuseofreference15
andwereappliedinthessmemanneras thatusedinreference6. This
procedureinvolvestheassumptionthatthethicknesseffectsonthe
aileroncharacteristicsarethesamefortheconical-flowregioasas for
thetwo-dimensional-flowregions.Inaddition,thetheoryofrefer-
ence15 islimitedto conditionswheretheleading-edgeshockwaveis
attached,whereasforthepresentmodeltheleading-edgeshockwaveis
detachedatbothMachnunibersandforallanglesofattack.Thepresence
ofthisdetachedshockwasneglectedinthetheoreticalcalculations.
Themethodofreference15 isnotconsideredapplicableforMachnuniber
componentsnomal to thecontrol-surfaceleadingedgeof lessthan1.3
orforprofileshavingparallelsides.Fortheseconditions(M= 1.40
and t = 1.0 profile)itwasarbitrarilyassumedthatlocalsonic
velocityoccurredveryneartheleadingedgeofthewingandthecalc-
ulationsforthecorrectionfactorswereobtainedby meansof the
oblique-shockequationsandtheisentropicexpansionandcompression
equations.Theassumptionthatlocalsonicveloci~occurrednearthe
leadingedgeappearsreasonablesince,becauseofthedetachedshock,a
regionof subsonicflowexistsjustaheadof theleadingedgethatmust
accelerateto a lowsupersonicvelocityas itpassesovertheairfoil
nose. ‘I%iseffectwasnotedinconnectionwiththewing-pressure
measurementspresentedinreference16.

LongitudinalCharacteristics

‘I’hebasiclongitudinaldataforthemodelwiththevsriousaileron
profilesat ba= 0° (figs.5 and6)shownounusualtrends.

me variationoflift,drag,andpitching-momentcoefficientswith
ailerondeflection(fig.7)wasobtainedby cross-plottingfromthebasic
dataforthevariousailerondeflectionsattheangleof attackforzero
lift(approximately-2.4°foreachconfiguration).Inthecaseof
pitchingmoments,thecurveswereshiftedto show Cm = O at ba = 0° ‘
so that theresultsforthev~iousprofilesmightbe morereadily
compared.Thelift,drag,andpi,tching-momenttrendsindicatedin
figure7 applytothecompletemodelwithbothaileronsdeflectedinthe
samedirectioninthemanneroflongitudinal-controldevices.

Ingeneral,thevariationsof theliftandpitching-momentcoeffi-
cientswithailerondeflectionarefairlylinear,especiallythroughthe
deflectionrangeof aboutid. Thecirculsr-arcand t = O profiles

● appeartobe relativelyineffectiveinproducingliftorpitchingmoment.
Inparticular,thelifteffectivenessofthecircular-arc-profileaileron
is,quitelowat M = l.ko andisaboutzeroat M= 1.59. This
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ineffectivenessn@ht be expectedinasmuchaspressuremeasurementsof
thewingwithcircular-arcsections(reference16for M = 1.59 and
unpublishedresultsfor M = 1.40)indicateseparationto existover
theoutboard,trailing-edgesectionof++ewing. Increasingthethick-‘

s

nessoftheailerontrailingedge(t= 0.5 and t = 1.0 profiles)
resultedinslightlyhigherliftandpitching-momenteffectiveness.The
liftandpitching-momenteffectivenessforeachprofile”wasconstant ‘----
throughtheangle-of-attackrangeinvestigated. -.

Thereisanincreaseinthedragcoefficientswithaileron
deflectionthatisslightlygreaterforpositivedeflections,andfor‘-
theaileronswiththickenedtrailingedges. .—

—. — .-

Thesumnaryofthelongitudinalcharacteristicsasa functionof
thetrailing-edgeangle(fig.13)showslittlechangeinthelift-cu%e
slopeor’thedreg. Thereisa generaltrendtowardhigherliftand
pitcheffectivenessandhigherstaticlongitudinalstabilityasthe
trailing-edgeangleisdecreased.~is highereffectivenessand
stabili@probablyresultsfroma lesseningoftheseparationeffects
overthe-outboard-trailing-edgesectionof-thewing.-

LateralCharacteristics

Theeffectsofaileronprofileonthe-lateral
yaw(fig.8) aresmellwiththepossibleexception
momentvariatioriwheretheaileronswiththickened
hdicategreaterrollingmomentsduetoyaw. This

characteristics
oftherolling-
trailingedges
effectmighthe

expectedasa resultof-improvedflowconditionsover’theou%osrd
sectionofthewing.

Aileron-ControlCharacteristics‘

.

in .-

.

—

. .

Thevariationoftherolling-momentandhinge-momentcoefficients
withangleofattack(figs.9 and10)is slightlynonlinearforthe
circular-arcand t = O profiles,particularlyforthenegativedeflec-
tions. Thisconditionisprobablya resultoftheseparationeffects,
which,asalreadypointedout} occurovertherearsectionofthe
circular-arcairfoilandprobablyoccuroverthe t ZO profile.‘“T!he-
nonlineari@ofthehinge-momentcurvesforsmallan@esofattackand
smalldeflectionanglesis similartothelow-speedcharacteristicsof
aileronshavinglargetrailing-edgeangles(reference17). Theslope
ofthecurveofhinge-momentcoefficientagainstangleofattack@~
forthecircular-arcand t = O profilesreverses@ theregionnew’.
zerolift(U~ -2.4°,ba = OO). A tendencytowardreducedailerori. ‘ ‘“
effectivenessforthesmalldeflectionsiselsoevidentnearzerolift.

. —
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Theeffectofreducingthetrailing-edgeangleby increasingthe
trailing-edgethicknessof theaileronto 0.5and1.0timesthehinge-
linethicknesswastoeliminatethenonlineari~oftherolling-moment
andhinge-momentcurvesandto eliminatethetendencytowsrd”roll
reversalat smallanglesof attackandsmalldeflections.

!thenegativerollingmomentsoccurringfor ~a = 0° at M = 1.40
(fig.10)canbe attributedtotheslighttwistof thewing. At
M= 1.59(fig.9) theeffectsofthetwistappeartobe counteractedby
flowangularitiesimthe regionofthewingtips.

Theadverseyawingmomentproducedbyailerondeflection(figs.9
and10)isaboutthessmeasthatobtainedatlowspeedsfora similar
configuration(refere~ce9). Changesintheaileronprofilehadlittle
effectontheadverseyaw.

Thevariationoftherolling-momentand.hinge-momentcoefficients
withailerondeflectionattheangleof attackforzeroliftispresented
infigure11. As a consequenceof theasy?muetryindicatedforthe
M = l.~ data,theresultspresentedinfigure11 forthisMachnumber
havebeenshiftedto show Cz = O and Ch = O at ~a . OO. me
resultson thisfigureapplyto thecompietemodelwithonlytheright
ailerondeflected. #

Thenonlinearityoftherolling-momentandhinge-momentcoefficients
forsmallailerondeflectionsforthecircular-arcand t = O profiles
is apparentin figure11. Froman examinationof figures9, 10,and14,
it canbe seenthatthenonlinearityforsmsllldeflectionsdisappears
foranglesofattackaboveabout4° andthevariationsofrolling-moment
andhinge-momentcoefficientswithailerondeflectionCza and Chb
becomeaboutconstantandareslightlyhigherthanthevaluesnearzero
lift. As thepositiveangleofattackis increased,however,theregions
ofnonlinearityinthecurvesof rollingmomentandhingemomenttendto
shifttowardthehighernegativedeflections(seefig.9). Similar
variationsinboth Czb and C
and t = O profiles.

~ me indicatedforthecircular-arc
Changingtheprofileto t = 0.5 and t = 1.0

removedthenonlinear@at smalldeflectionsandIncreasedthevalues
ofboth Czb and Cha. !t!het = 1.0 profileshowedonlyslight
improvekntoverthatshownbythe t = 0.5 profi~e.

Theresultsnearzeroliftaresummarizedinfigure13where cz&
Chb,and C& arepresentedasa functionofthetrailing-edgeangle.
SimilartrendsareindicatedforthetwoMachnunibersalthougheachof
theparametershavehighervaluesat M = l.~.

— —
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Therollingeffectiveness@@ for.~evariotiprofilesiS
Ea

presentedinfigure12fora Machnumberr-e upto 1.90. Thelow-
speedvalue(M= 0.16)wasobtainedfrom,reference9 ~y usinga value
forthedsmpinginroll clp obtainedfromreference.18.Thetransonic
results(fairedlines)wereobkainedfro-mi%ee-fli-ght-testsofrolling
rocketmodels(reference4). Theresultsat M = 1.40and1.59 were
obtainedfromthepresenttestsandthoseat M = 1.90 wereobtained
fromreference7, ineachcase,by usingvaluesof c1P obtainedfrom
chartspresentedinreference19. Noneofthetunnel_resultswas
correctedto accountfortheeffectsofadverseyaworwingtwistthat
msyoccuron a free-rollingwing.

Thevariationof ~ withMachnumiber(fig.12)indicatesa
Ga

largereductionineffectivenessbeginningata Machnumberofabout0.8.
The resultsoftherocket-modeltestsshowthereversalobtainedforthe
circular-arcprofilenear M = 0.95 andthetiprovem~ntobtainedwith
the t = 0.5 and t= 1.0 profile.

Comparisonwi~ Theory --

Thevaluesof Czb and C% obtainedexpertientallysre,in
general,somewhatlowerthanthoseobtainedtheoretically(fig.14).
Thisresultmightbe expectedinasmuchasthetheoreticalvaluesneglect
theboundary-l~erandseparationeffectsas.wellas._nydetachedshock
effects.Theeffectsof separationontheaileroncharacteristicsmay_
be influencedbytheReynoldsnuniberalthoughtheresultsofan investi-
gationofa 63°sweptbackwing(reference20)indicatedlittleeffect
ofReynoldsnumberQnthecharacteristicsofanoutboardtrailing-edge
flap. Thevariationofthetheoreticalvaluesof Cza,C~, and C~
withtrailing-edgeangle(fig.15)isshi.larto thatshownby the
experimentalvaluesandindicatesthatthethicknesscorrectionfactor8
arereasonable.Theexperimental.andtheoreticalvaluesof cL~ arein
goodagreementalthoughtheexperimentalvaluesofaileroneffectiveness
cz~ aresomewhatlowerthanthetheoreticalvalues. Thiseffect
tightalSO be attributedto separationnearthetip;hichwouldresult
intheaileroncenterofliftbeingfartherinboardthanpredictedby
theory.

CONCLUSIONS

TheresultsoftheinvestigationconductedatMaclhnunibersofl.kO
and1.59to determinetheeffect%of aileronprofileontheaerodynamic

*
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characteristicsof a completemodelof a supersonicaircraftconfigu-
rationindicatedlowaileroneffectivenessforthecircular-arc-profile
aileronandtheflat-sided’aileronhavinga ratiooftrailing-edge
thicknesstohinge-linethicknesst ofO. Increasingthetrailing-
edgethicknessoftheaileron(t= 0.5 and1.0)resultedin increased
aileroneffectivenessandhigheraileronhingemomentswithonlya
slightincreasein drag.

TheaileronlifteffectivenesscLb wasinreasonablygood -.
agreementwiththeoryalthoughthevariationsof rolling-andhinge-
momentcoefficientswithailerondeflection,Czb and C%, were,in
general,somewhatlessthanthatpredictedbytheory.Thevariation
of Cz8jChb>and CL~ withtrailing-edgeangleforthevarious
aileronprofilesagreedwellwiththetheoreticalresults.

●

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LsmgleyField,Va.
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NACAHM L50J31

TABLEI

GEOMETRICCHARAC~RISTICSOFMODEL.

.

.

wing:
Area,sift . . . . . . . . . . . . .
Span,ft . . . . . . . . . . .**.
Aspectratio . . . . . . . . ... .
Sweepbackof quarter-chordline,deg
Taperratio. . ... . ...= . . . .
Meanaerodynamicchord,ft . . . . .
Airfoilsectionnormalto
quarter-chordline . . . . . . . .

Twistj deg . . . . . . . . . . ... .
Dihedral,deg. . . . . . . . . . . .
Incidence,deg . . . . . . . . . . .

Horizontaltail:
Area,sqft. . . . . . . . .0 . . .
Span,ft . . . . . ● . . . ● - ● . ●

Aspectratio . . . . . . . . . . . .
Sweepbackof quarter-chordline,deg
Taperratio.. . . . . . . . . . . .
Airfoilsection. . . . . . . . . . .

Verticaltail:
Area(exposed),sqft . . . . . . . .

.

. . . . . . . . . . . . “. 1.158

. . . . . . ...* . . . 2.155

. ..”.. . . . . . . ...*

. . . . . ..*.* .*.* .2

. . . . . . . . . . .0.. 0.5 ‘- L

. . . . . . ..*. ● *. o●557

.10-percent-thick,circulsr-=c
.
.
.

.
.
.
.
.
.

.

Aspectratio(~asedonexyosedareaand
Sweepbackof leadingedge,deg . . . .
Tkperratio.. .. . . . ~ . . . . . .
Airfoilsection,root. . . . . . . . .
Airfoilsection,tip . . . . . . . . .

Fuselsge:
Finenessratio(neglectingcanopies).

Miscellaneous:
Tail
Tail

lengthfrom 6/4 wing
semispas
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Rrofile

ondltion

Idnear theory

Correction
factor

Commcted
solution

i

TABm II

mmlumrcAL coBmoL-soFFAcBc2ARAcmFusTccs

(a) M = 1.40.

circulararc

c% ‘c18 c% c%
-0.0320-0.cmk 0.0336-0.0320

,382 .394 .394 .403

-.0122-.CQO.55.oolk -.019

t==o

z

clb c%

-0.oolhO.Co*

.403 .403

-.000% .0015

(b)M = l.~.

1

t,-0.5 I t = 1.0

-0.03!XI

.464

-.0149aq .00,, [ -.olq ---
I 1 1

---i
c%

3
0.IM36

.569

.022

1

circulararc t=o t=0.5 t = 1.0

Condition c% ‘% l% I c% C4S c16 c% Cha c% I c%
II.&&U?theoryl-o.ozq’I-o.m97[0.0026l-c1.0227I-0.ocqlo.m?6[-0.0227I-o.oo@7Io.ow6[-0.oiqI-o.om?7’l0.0026I{

IComectionfactor I .4AI .W3I .478
I

.477I .477 I .477
,

ICorrected I
-.o~ -. CU046 .00I.2 -.0108

solution
-.fx046 .(m_2

. .

I I I I I 1

P
a
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Figure1.-Systemof stabilityaxes.Arrowsindicatepositivevalues.
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Circular arc

I

i

ileron prOfVes
d stdion A-A
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/.543”

-.0/3”

*52”
6=’0
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Figure3.- Detailsofaileroninstallation.
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(a)Momtedfor pitchtests. a=-lOO; #=OO.

Figure4.-CompletemodelofaircraftmountedintheLangley4-by &foot
Supersonictunnel.
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(b)Mountedforyaw tests. a=OO; ~=OO.

FY.gure 4.-Concluded..
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“+- O .1 .2 ..3 .4 .5 .6
Llf7 cm f’ficlant, CL

(a)Clrcul.ararc. (b) t=O.

Figure~.-Aerodynamiccharacteristicsin pitchformodelwithvario~
aileronprofiles.Ela= OO; M = l.p.
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Figure ~.- Conclnded.
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(a)Ci&2iLararc.

20

o

.

v

(b) t = 0.5.
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FLgure6.-Aercdynsmic characteristicsin pitchformodelwith
aileronprofiles.5a . @. ~ = ~ ~
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Figure 7.-Effectofaileron&fl.ec~ionontheaerodynamicchara~eristics”
in pitch for the model equippedwith various aileron proflle6. a % -2.ho.
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Figure8.-Effectofaileronprofileonothe
yaw. a=0°;6a=O; M
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(a) Circular arc. (b) t = O.

Figure9.-Effectof ailerondeflectioncm the characterl,stic6of a ccmtple&
model equippedwith various ailerons. M = 1.59.
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Figure9.-Concluded.
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Angle of attack, ~, U-

(a) Circular arc.

PLgure 10.- Effect of aileron
model equipped
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IHgure 11. - Effectof aileronprofilecm the rolli.ng~momentandhinge-mometi
characteriBtlcs.a % -2.4°.
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